Objective: To compare the full age spectrum (FAS) equation with the Modification of Diet in Renal Disease (MDRD) and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations in predicting glomerular filtration rate (GFR) in patients with obstructive nephropathy. Methods: Adult patients with obstructive nephropathy who had undergone a GFR measurement using technetium-99m diethylenetriaminepentaacetic acid radioisotope renography were enrolled in the study. The measured GFR was taken as the reference value. Bias, precision and accuracy were compared between the three equations. Kappa test and the Bland-Altman method were used to evaluate the classification and the agreement. Receiver operating characteristic (ROC) curve analysis was used to describe the diagnostic accuracy of each equation. 
Introduction
Obstructive nephropathy is one of the most common causes of chronic kidney disease (CKD). 1 It is often caused by kidney stones, cancer or prostatic hyperplasia. 2 Obstruction of the urinary tract may lower renal blood flow and the glomerular filtration rate (GFR), 1 leading to renal fibrosis. 3 To optimize patient outcomes, it has been suggested that renal function should be monitored during follow-up to estimate the condition of the disease and the effects of treatment. 4 Glomerular filtration rate is considered the ideal indicator to evaluate renal function in patients with CKD. 5 There are several newly developed equations to evaluate GFR, which are much more convenient and cheaper than the conventional methods that use renal clearance of exogenous inulin or other alternative exogenous markers. For example, the Modification of Diet in Renal Disease (MDRD) equation and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation are the most commonly used equations worldwide. 6, 7 Recently, a new equation, full age spectrum (FAS), was developed and validated in a purely Caucasian population based on normalized serum creatinine. 8 The FAS equation showed less bias and a better performance than the CKD-EPI equation in studies in which reference GFR values were obtained by various methods, but none of the studies used radioisotope renography with technetium-99m diethylenetriaminepentaacetic acid (99mTc-DTPA). 8, 9 However, the FAS equation has not been validated in Chinese patients with obstructive nephropathy compared with 99mTc-DTPA radioisotope renography as the standard method for measuring GFR.
The objective of this study was to estimate the performance of the FAS equation in patients with obstructive nephropathy and to compare this equation with the MDRD and CKD-EPI equations. To the best of our knowledge, few studies have validated these equations in a cohort of patients who only have obstructive nephropathy. 2 
Patients and methods

Patient population
This retrospective study enrolled consecutive adult patients with obstructive nephropathy who had undergone a GFR measurement using 99mTc-DTPA radioisotope renography at the Department of Nephrology, Ningbo No. 2 Hospital, Ningbo University School of Medicine, Ningbo, Zhejiang Province, China, between 1 January 2011 and 30 April 2016. Demographic data were recorded for each patient, including age, sex, height and weight. Exclusion criteria included the following: (i) acute kidney injury; (ii) treatment with dialysis; (iii) prior renal transplantation; (iv) severe malnutrition; (v) infection; (vi) severe liver or cardiac dysfunction; (vii) pleural or abdominal effusion: (viii) treatment with medication that can affect renal function, such as vitamin C or a large dose of steroids.
Based on the measured GFR (mGFR) value from the 99mTc-DTPA radioisotope renography, patients were divided into four groups according to the Kidney Disease Improvement Global Outcomes guidelines as follows: 10 
Measurement of GFR
The mGFR was measured using 99mTc-DTPA radioisotope renography on a Siemens e.cam single gamma camera with high dynamic range detector technology as described previously (Siemens Healthcare, Erlangen, Germany). 11 5 mCi 99 mTc-DTPA (purity 95-99%; Atom-Hitech Isotope Limited Company, Hangzhou, China) was injected into the patient after their height and weight measurements had been taken, and they had consumed 500 ml of drinking water and had emptied their bladder. mGFR was calculated using a personal computer using the Gates method and corrected by body surface area with the Du Bios equation.
Measurement of serum creatinine
All whole blood samples were drawn from the median cubital vein in the morning following a minimum 8-h fast. Approximately 5 ml of whole blood was added to a test tube containing no anticoagulant as required for the production of serum and stored at room temperature for 1 h. The blood samples were centrifuged at 4128 g for 5 min at 4 C in a Thermo Scientific 
Estimation of GFR
All three equations, MDRD, CKD-EPI and FAS, were used to estimate the GFR for each patient. The three equations are presented in Table 1 .
Statistical analyses
All statistical analyses were performed using SPSS software, version 19.0 (IBM Corp, Armonk, NY, USA) and MedCalc software, version 15.2.2 (MedCalc V R , Ostend, Belgium). The data are presented as mean AE SD for normally distributed continuous variables, median (interquartile range) for not normally distributed continuous variables, and frequencies and percentages for categorical variables. Confidence intervals (CIs) were calculated using the Bootstrap method. The subjects were stratified by mGFR (< 60 versus ! 60 ml/min/ 1.73m 2 ) and age (< 70 versus ! 70 years). Bias, precision and accuracy were analysed to compare the performance of the three equations. Bias was calculated by determining the eGFR value minus the mGFR value. Precision was expressed as the root mean square error (RMSE). The accuracy of each equation was defined as P30, the percentage of eGFR values within 30% deviation of the mGFR.
Paired t-test was used to compare the bias. McNemar's test and Kappa test were employed for accuracy and classification agreement between eGFR and mGFR. The Bland-Altman method was used to evaluate the agreement between eGFR and mGFR. Additionally, correlations between eGFR and mGFR were assessed using Pearson's correlation analysis. Area under the receiver operating characteristic (ROC) curve was used to describe the diagnostic efficacy of the equations. The cut-off for GFR stratification was <60 ml/min/ 1.73m 2 . A P-value <0.05 was considered statistically significant.
Results
This study enrolled 327 adult patients with obstructive nephropathy who had undergone a GFR measurement using 99mTc-DTPA radioisotope renography. The detailed demographic and clinical characteristics of the patients are presented in ; P ¼ 0.01). The P30 value for the FAS equation was 60.2% in the overall study cohort, a little lower than the MDRD equation, but this was not significantly different compared with the CKD-EPI equation. In terms of precision, the RMSEs showed no statistically significant difference among the three equations.
There was a significant correlation between the mGFR and eGFRfas by Pearson's correlation analysis (r ¼ 0.707, P <0.05). Similar correlations between mGFR and eGFR using the other two equations were observed (r mdrd ¼ 0.672, (Table 3) , while the other two groups had poor agreement. Figure 2 ).
In the subgroup stratified by age (!70 years), the FAS equation showed the lowest bias compared with mGFR with a mean difference of -1.9 (95% CI -6.6, 3.1) ml/min/1.73 m 2 . The value showed no statistical difference from 0, indicating that the FAS equation showed no bias in this setting (Table 3 ). The FAS equation was significantly superior to the other two equations in this age group in terms of bias (P <0.05 for both comparisons). The highest P30 value was 66.0% for the FAS equation, although there was no significant difference among the three equations. The precision of eGFR as calculated by the FAS equation was similar to that of the other two equations without there being a statistically significant difference in the RMSEs. There was poor consistency between eGFRfas and mGFR based on the correlation and the Kappa values, which were similar to the other eGFR equations.
In the subgroup stratified by mGFR (<60 ml/min/1.73 m 2 ), the FAS equation had a significantly lower bias compared with the eGFRepi equation (P ¼ 0.009). In terms of P30 accuracy and RMSE precision, these were highest with the FAS equation, but there were no significant differences between the three equations. As for the Kappa values, there was a poor staging consistency between eGFRfas and mGFR values. Data presented as mean AE SD, median (interquartile range) and n of patients (%). 
Discussion
It is necessary to periodically monitor kidney function using convenient and accurate methods in order to facilitate an early diagnosis of kidney problems and to improve patient outcomes. 4 This current study demonstrated that the FAS equation was nearly equivalent to the MDRD and CKD-EPI equations in terms of bias, accuracy and precision, and also positively correlated with the mGFR. The FAS equation gave the best diagnostic efficiency among the three equations. Especially in older patients and patients with GFR <60ml/ min/1.73 m 2 , the FAS equation was superior to the other two equations in terms of bias and it was as good in other aspects.
Until now, over 10 equations to estimate the GFR have been developed. The MDRD and CKD-EPI equations are the most widely used equations worldwide. 12 A previous study suggested that the MDRD and CKD-EPI equations were validated to estimate GFR in patients with obstructive nephropathy, despite the pathogenetic, pathological and physiological changes associated with obstructive nephropathy being different from those in diffuse renal diseases. 2 In 2016, a novel eGFR equation, the FAS equation, was developed based on the concept of population-normalized serum creatinine, denoted as SCr/Q. 8 To the best of our knowledge, this current study is the first to compare the FAS equation with the CKD-EPI and MDRD equations in the patients with obstructive nephropathy in China.
Bias, precision and accuracy are the most important indicators to evaluate the validity of the method used to determine the GFR. 13 In this current study, the values of these indices for the MDRD and CKD-EPI equations were consistent with those demonstrated previously. 2 The FAS equation was nearly equivalent to the other two equations in terms of bias, accuracy and precision. And among these three equations, the FAS equation gave the best diagnostic efficiency, significantly surpassing the MDRD equation.
In the subgroup of older patients (! 70 years), the mean bias of the FAS equation was nearest to zero and lower than that of the MDRD and CKD-EPI equations. The FAS equation showed the highest accuracy and precision compared with the MDRD and CKD-EPI equations, although without reaching a statistically significant difference. This finding was consistent with previous research that validated the FAS equation in 14 databases. 8 Some studies demonstrated that the MDRD and CKD-EPI equations were not very suitable for elderly patients.
14,15 These current findings suggest that the FAS equation may be suitable for older patients with obstructive nephropathy.
The agreement and staging consistency between eGFRfas and mGFR were not ideal. The kappa value was only 0.426 in the overall study cohort and it was poorer in the subgroups stratified by age or mGFR. The agreement between eGFRfas and mGFR was wider than that between Table 4 . The colour version of this figure is available at: http://imr.sagepub.com.
eGFRepi and mGFR, but narrower than that between eGFRmdrd and mGFR, with all exceeding the acceptable limits of consistency defined as AE 30 ml/min/1.73m 2 among these three equations. This result was consistent a previous study that validated the FAS equation in diffuse renal disease. 11 All of these findings suggest that the FAS equation may not be ideal for the direct estimation of GFR in the patients with obstructive nephropathy in China. However, in adults and the older subgroups, the previous study demonstrated that the FAS equation showed a higher accuracy rate in correctly classifying subjects into matched GFR categories than that of CKD-EPI equation with a statistical difference. 8 The possible reasons of these differences might be as follows: (i) an appropriate Qvalue for the FAS equation is crucial. The Q-value for the FAS equation was derived from a Belgian population, 16 which was lower than that of Korean males; 9 (ii) in addition, the performance of the eGFR equation could be improved by using coefficients specific for local ethnic groups. 7, 17 Therefore, it is better to obtain the Qvalue of the serum creatinine specifically for different ethnicities; 18 (iii) the only aetiology was obstructive nephropathy in this current study, which was different to a previous study, 8 in which the main aetiology was diffuse renal diseases; (iv) the difference in the serum creatinine measuring methods and the different reference measurements should be taken into consideration when evaluating the different equations. In this current study, serum creatinine was measured using an enzymatic assay, rather than using an isotope dilution mass spectrometry traceable creatinine method; (v) mGFR was obtained using 99 mTc-DTPA radioisotope renography in this current study, while iothalamate was applied for the CKD-EPI equation, 19 and iohexol, inulin and iothalamate measurements were used for the FAS equation. 8 This current study had several limitations. First, the study population was from a single centre with a small sample size and with no patients at with stage 5 CKD, so the study cohort is not representative of the general population. Secondly, the study did not estimate eGFR using the cystatin C equation or the combination of plasma creatinine and cystatin C, which may be more reliable predictors of GFR.
In conclusion, despite the drawbacks associated with each eGFR equation, the FAS equation was probably closer to the measured GFR in patients with obstructive nephropathy.
